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INTRODUCTION AND OVERVIEW 
•  W→lν	  and	  Z→ll	  (l	  =	  e,μ)	  Cross	  Sec6on	  Measurements	  

–  First	  measurement	  ∼320	  nb-‐1	  establish	  signatures	  JHEP	  1012:060,	  arXiv:1010.2130	  

–  Update	  full	  2010	  dataset	  35	  pb-‐1	  with	  reduced	  sta6s6cal	  and	  systema6c	  uncertain6es	  

–  Comparison	  with	  theore*cal	  calcula*ons	  at	  NNLO	  level	  

•  W→τν	  and	  Z→ττ	  Observa6on	  
–  Background	  to	  new	  physics	  searches	  such	  as	  H→ττ	  

–  Performance	  of	  τ	  lepton	  reconstruc*on	  and	  iden*fica*on	  
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W AND Z CROSS SECTION 
W→lν	  signature	  1	  high	  pT	  lepton	  and	  ETmiss	  

• 	  Ncand	  =	  number	  of	  selected	  candidates	  

• 	  Nbackground	  =	  	  expected	  number	  of	  
background	  events	  

• 	  AW/Z	  x	  CW/Z	  =	  frac*on	  of	  signal	  expected	  
to	  pass	  selec*on	  

• 	  CW/Z	  =	  correc*on	  for	  efficiencies	  and	  
geometric	  acceptance	  to	  fiducial	  region	  

• 	  AW/Z	  =	  acceptance	  factor	  extending	  
beyond	  kinema*c	  selec*on	  

  

€ 

σ =
Ncand − Nbackground

AW /Z × CW /Z × L dt∫

Cross	  Sec6on	  

Z→ll	  signature	  2	  opposite-‐sign	  high	  pT	  leptons	  

ATLAS-‐CONF-‐2011-‐041	  

• ∫	  L	  dt	  =	  integrated	  luminosity	  
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Z/γ∗

l

l

•  EW	  and	  top	  backgrounds	  es*mated	  from	  MC	  

•  QCD	  background	  
–  Heavy	  quark	  decays,	  hadronic	  fakes,	  conversions	  (electrons)	  
–  Measured	  from	  data	  	  

•  Template	  fits	  or	  extrapola*ons	  from	  control	  regions	  
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OBJECT DEFINITION 
•  MUON	  

–  pT	  >	  20	  GeV	  
–  |η|	  <	  2.4	  
–  Combined	  muons:	  Track	  in	  Inner	  

Detector	  and	  Muon	  System	  
–  Vertex	  cuts	  
–  Rela*ve	  track	  isola6on	  	  

•  ELECTRON	  
–  ET	  >	  20	  GeV	  
–  Central:	  |η|	  <	  2.47	  

•  Excluding	  calorimeter	  transi*on	  
region	  1.37	  <	  |η|	  <	  1.52	  

–  Forward:	  2.5	  <	  |η|	  <	  4.9	  
–  Iden6fica6on	  cuts	  

•  Shower	  shapes	  (central,	  forward)	  
•  Track	  quality	  and	  cluster-‐track	  
matching,	  E/p	  (central)	  

•  Transi*on	  Radia*on	  (|η|	  <	  2)	  

•  MISSING	  TRANSVERSE	  ENERGY	  

  

€ 

 
E T

miss = − Ei
clusters i
∑ ˆ n i −

 p T
µ + Eloss

µ ˆ p T
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W BOSON CANDIDATES 
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•  W→lν	  SELECTION	  
–  1	  high	  pT	  lepton	  
–  ETmiss	  >	  25	  GeV	  

–  mT	  >	  40	  GeV	  

•  CANDIDATES	  
–  MUON	  139266	  
–  ELECTRON	  121310	  

•  BACKGROUNDS	  
–  MUON	  

–  Z→μμ	  3.5%	  

–  W→τν	  2.8%	  

–  QCD	  1.7%	  
–  	  ELECTRON	  

–  W→τν	  2.8%	  

–  QCD	  2.6%	  (W+)
and	  4.3%	  (W-‐)	  

ELECTRON	  

MUON	  

ATLAS-‐CONF-‐2011-‐041	  
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Z BOSON CANDIDATES 
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ELECTRON	  

MUON	  •  Z→ll	  SELECTION	  
–  2	  high	  pT	  leptons	  
–  Opposite	  charge	  
–  Invariant	  mass	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

66	  <	  mll	  <	  116	  GeV	  

•  CANDIDATES	  
–  MUON	  11669	  

–  ELECTRON	  9721	  
•  BACKGROUNDS	  

–  MUON	  

Mostly	  EW	  0.6%	  

–  ELECTRON	  
Mostly	  QCD	  1.8%	  	  

ATLAS-‐CONF-‐2011-‐041	  



Verena	  I.	  Mar*nez	  Outschoorn	   DIS	  2010,	  Newport	  News,	  VA	  11-‐15	  April	   EW	  and	  BSM	  Session	  8	  

FORWARD Z→ee 
•  Measurement	  of	  Z→ee	  at	  larger	  Z	  rapidity	  range	  extends	  parton	  x	  range	  probed	  	  

–  Use	  1	  electron	  in	  forward	  |η|	  range	  2.47-‐4.9	  	  
–  Selected	  Candidates	  4000	  
–  Background	  27.5%	  

•  Larger	  QCD	  background,	  especially	  from	  events	  with	  W	  and	  forward	  jet	  
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FIDUCIAL CROSS SECTIONS 
•  Fiducial	  cross	  sec*ons	  –	  analysis	  kinema*c	  requirements	  

•  Most	  precise	  experimental	  measurements	  for	  comparison	  to	  theory	  	  

•  Fiducial	  region	  defini*ons	  

ATLAS-‐CONF-‐2011-‐041	  

[nb] MUON ELECTRON 

W+
 3.008 ± 0.011 (sta) ± 0.080 (sys) ± 0.109 (lum) 2.950 ± 0.011 (sta) ± 0.090 (sys) ± 0.100 (lum) 

W-
 1.950 ± 0.009 (sta) ± 0.053 (sys) ± 0.072 (lum) 1.927 ± 0.009 (sta) ± 0.059 (sys) ± 0.063 (lum) 

W 4.959 ± 0.015 (sta) ± 0.120 (sys) ± 0.181 (lum) 4.877 ± 0.015 (sta) ± 0.138 (sys) ± 0.166 (lum) 

Z/γ* 0.456 ± 0.004 (sta) ± 0.005 (sys) ± 0.015 (lum) 0.433 ± 0.004 (sta) ± 0.016 (sys) ± 0.015 (lum) 

Forward Z/γ* - 0.179 ± 0.004 (sta) ± 0.017 (sys) ± 0.006 (lum) 

€ 

W →µν : pT
µ > 20GeV, |ηµ | < 2.4, pT

ν > 25 GeV, mT > 40GeV

W →eν : pT
e > 20GeV, |ηe | < 2.47, |ηe |∉ [1.37,1.52], pT

ν > 25 GeV, mT > 40GeV
Z →µµ : pT

µ > 20GeV, both |ηµ | < 2.4, 66 < mµµ <116GeV

Z →ee : pT
e > 20GeV, both |ηe | < 2.47, |ηe |∉ [1.37,1.52], 66 < mee <116GeV

Forward Z →ee : pT
e > 20GeV, one |ηe | < 2.47, |ηe |∉ [1.37,1.52], other 2.5< |ηe | < 4.9, 66< mee <116GeV

€ 

σZ /γ*
fid × BR(Z /γ*→ ll), 66 < mll <116 GeV

€ 

σW (± )
fid × BR(W → lν)
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SYSTEMATIC UNCERTAINTIES 

δσ/σ [%] W Z W Central Z Forward Z 

Trigger 0.7 0.1 0.5 <0.1 0.5 

Lepton Reconstruction  0.5 0.8 1.5 3.0 1.5 

Lepton Isolation / Identification 0.3 0.6 1.1 1.6 8.2 

Lepton Energy Scale 0.4 0.2 0.5 0.2 1.4 

Lepton Energy Resolution 0.02 0.02 0.02 0.01 <0.1 

Defective LAr Channels - - 0.4 0.8 0.8 

Charge Mis-Identification - - - 0.2 - 

ET
miss Scale and Resolution 2.0 - 2.0 - - 

ET
miss Cleaning / Pile-up	   0.07 - 0.1 0.1 1.7 

QCD Background 0.8 0.1 
0.4 0.3 3.2 

EW Background 0.4 0.02 

CW/Z Theoretical 0.3 0.3 0.3 0.5 0.9 

Total experimental 2.4 1.1 2.8 3.5 8.6 
AW/Z Theoretical 3.0 4.0 3.0 4.0 3.9 
Luminosity 3.4 

ATLAS-‐CONF-‐2011-‐041	  

MUON	   ELECTRON	  
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TOTAL CROSS SECTIONS 
•  Extrapola*on	  to	  full	  kinema*c	  region	  for	  total	  cross	  sec*on	  

•  Measurements	  consistent	  for	  muon	  and	  electron	  channels	  
–  Forward	  Z→ee	  result	  consistent	  with	  central	  measurement	  

•  Central	  value	  using	  PYTHIA	  MRST	  LO∗	  

•  Acceptance	  uncertainty	  from	  PDFs	  and	  NLO	  contribu*ons	  

ATLAS-‐CONF-‐2011-‐041	  

€ 

σZ /γ*
tot × BR(Z /γ*→ ll), 66 < mll <116 GeV

€ 

σW (± )
tot × BR(W → lν)

[nb] MUON ELECTRON 

W+
 6.215 ± 0.023 (sta) ± 0.165 (sys) ± 0.225 (lum) ± 0.187 (acc) 6.333 ± 0.025 (sta) ± 0.193 (sys) ± 0.215 (lum) ± 0.190 (acc) 

W-
 4.107 ± 0.020 (sta) ± 0.112 (sys) ± 0.152 (lum) ± 0.123 (acc) 4.217 ± 0.021 (sta) ± 0.129 (sys) ± 0.138 (lum) ± 0.127 (acc) 

W 10.322 ± 0.030 (sta) ± 0.249 (sys) ± 0.377 (lum)  ± 0.310 (acc) 10.551 ± 0.032 (sta) ± 0.300 (sys) ± 0.359 (lum) ± 0.316 (acc) 

Z/γ* 0.941 ± 0.008 (sta) ± 0.011 (sys) ± 0.032 (lum) ± 0.037 (acc) 0.972 ± 0.010 (sta) ± 0.034 (sys) ± 0.033 (lum) ± 0.038 (acc) 

Forward 
Z/γ* 

- 0.903 ± 0.022 (sta) ± 0.087 (sys) ± 0.031 (lum) ± 0.035 (acc) 
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COMBINED CROSS SECTION 

•  Measurements	  consistent	  (∼5%	  uncertainty)	  with	  all	  NNLO	  predic*ons	  	  

ATLAS-‐CONF-‐2011-‐041	  

W 10.391 ± 0.022 (sta) ± 0.238 (sys) ± 0.353 (lum) ± 0.312 (acc) 10.46 ± 0.18 10.84 ± 0.26 10.71 ± 0.15 9.94 ± 0.19 

Z/γ* 0.945 ± 0.006 (sta) ± 0.011 (sys) ± 0.032 (lum) ± 0.038 (acc) 0.964 ± 0.018 0.994 ± 0.29 0.987 ± 0.015 0.909 ± 0.018 
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[nb] Data MSTW08 HERA ABKM09 JR09 

W+
 6.257 ± 0.017 (sta) ± 0.152 (sys) ± 0.213 (lum) ± 0.188 (acc) 6.16 ± 0.11 6.42 ± 0.16 6.42 ± 0.09 5.92 ± 0.12 

W-
 4.149 ± 0.014 (sta) ± 0.102 (sys) ± 0.141 (lum) ± 0.124 (acc) 4.30 ± 0.08 4.42 ± 0.10 4.29 ± 0.07 4.03 ± 0.08 
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•  Theore*cal	  and	  experimental	  uncertain*es	  cancel	  to	  large	  extent	  in	  ra*o	  

•  Test	  of	  Standard	  Model	  and	  sensi*ve	  to	  new	  Physics	  

•  Good	  agreement	  between	  predic*ons	  and	  measurement	  

*!Z/" / W"
9 9.5 10 10.5 11 11.5

 = 7 TeV)sData 2010 (
total uncertainty
exp. uncertainty

ABKM09
JR09
HERA
MSTW08

-1 L dt = 33-36 pb#

ATLAS Preliminary

*!Z/" / W"
9 9.5 10 10.5 11 11.5

W/Z RATIO ATLAS-‐CONF-‐2011-‐041	  

Ratio Data ABKM09 JR09 HERA MSTW08 

W/Z 10.906 ± 0.079 (stat) ± 0.215 (syst)  ± 0.164 (acc) 10.91 ± 0.037 10.94 ± 0.028 10.90 ± 0.079 10.85 ± 0.018 
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W±/Z RATIOS 
•  Separate	  W+	  and	  W-‐	  over	  Z	  ra*o	  dis*nguishes	  between	  u	  and	  d	  quarks	  

*!Z/" / +W"
5.6 5.8 6 6.2 6.4 6.6 6.8 7

 = 7 TeV)sData 2010 (
total uncertainty
exp. uncertainty

ABKM09
JR09
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Ratio Data ABKM09 JR09 HERA MSTW08 

W+/Z 6.563 ± 0.049 (stat) ± 0.134 (syst) ± 0.098 (acc) 6.535 ± 0.028 6.512 ± 0.036 6.459 ± 0.050 6.388 ± 0.026 

W-/Z 4.345 ± 0.034 (stat) ± 0.095 (syst) ± 0.065 (acc) 4.375 ± 0.020 4.433 ± 0.030 4.441 ± 0.050 4.459 ± 0.018 

W+/Z	   W-‐/Z	  
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W→τν CANDIDATE EVENT 
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W→τν OBSERVATION 

•  Signal	  yield	  in	  agreement	  with	  expecta*on	  

Ncand Nbackground QCD Nbackground W/Z Nsignal 

78 11.1 ± 2.3 (stat) ± 3.2 (syst) 11.8 ± 0.4 (stat) ± 3.7 (syst) 55.1 ± 10.5 (stat) ± 5.2 (syst) 

Signal	  expecta6on:	  55.3 ± 1.4 (stat) ± 16.1 (syst)	  	  

ATLAS-‐CONF-‐2010-‐097	  
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EW background

h W

-1Integrated Luminosity 546 nb ATLAS Preliminary
•  W→τν	  Event	  Selec*on	  546	  nb-‐1	  

•  Hadronic	  τ	  candidate	  20	  <	  pT	  <	  60	  GeV	  

•  ETmiss	  >	  30	  GeV	  

•  Jet	  cleaning	  to	  remove	  fake	  ETmiss	  

•  QCD	  background	  rejec*on	  requirement	  

•  Background	  es*ma*on	  
–  QCD	  background	  from	  data	  

–  W/Z	  from	  MC	  
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Z→ττ OBSERVATION 
•  Three	  decay	  channels	  e-‐μ	  (35	  pb-‐1),	  μ-‐hadronic	  (8.5	  pb-‐1),	  e-‐hadronic	  (8.3	  pb-‐1)	  

ATLAS-‐CONF-‐2011-‐010	  
ATLAS-‐CONF-‐2011-‐045	  
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Z→ττ EVENT SELECTION 
•  Leptonic	  τ:	  souer	  lepton	  pTμ	  >	  10	  or	  15	  GeV,	  electron	  ET	  >	  15	  GeV	  

–  Isola*on	  using	  calorimeter	  and	  tracking	  informa*on	  

•  Background	  suppression	  requirements	  for	  W+Jets	  (ΣcosΔφ,	  mT)	  and	  top	  (scalar	  ΣET)	  

ATLAS-‐CONF-‐2011-‐010	  
ATLAS-‐CONF-‐2011-‐045	  
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€ 

cos Δφ∑ = cos(φl −φETmiss ) + cos(φτ h −φETmiss )

ETmiss	  between	  τl	  and	  τh	  for	  signal	  while	  for	  background	  the	  ETmiss	  points	  
away	  from	  lepton	  and	  τh	  candidate	  (jet	  fake)	  
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Z→ττ OBSERVATION ATLAS-‐CONF-‐2011-‐010	  
ATLAS-‐CONF-‐2011-‐045	  

•  Visible	  mass	  for	  candidate	  selec*on	  

•  Signal	  yield	  in	  agreement	  with	  expecta*ons	  for	  all	  channels	  

Channel Ncand Nbackground Nsignal Nexpected 

τeτµ 75 6.4 ± 3.9 (stat+syst) 68.6 ± 8.7 (stat) ± 3.9 (syst) 69 ± 16 (stat+syst) 

τµτh 51 9.9 ± 2.1 (stat+syst) 41.1 ± 7.1 (stat) ± 2.1 (syst) 39.9 ± 1.8 (stat) ± 6.7 (syst) 

τeτh 29 11.8 ± 1.7 (stat+syst) 17.2 ± 5.4 (stat) ± 1.7 (syst) 24.5 ± 1.4 (stat) ± 7.9 (syst) 
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SUMMARY 
•  W	  and	  Z	  boson	  cross	  sec*on	  measurements	  with	  full	  2010	  dataset	  have	  reduced	  

sta*s*cal	  and	  systema*c	  uncertain*es	  
–  Precision	  measurements	  for	  comparison	  with	  NNLO	  predic*ons	  

•  Measurements	  	  
–  W	  and	  Z	  inclusive	  produc*on	  cross	  sec*ons	  (ATLAS-‐CONF-‐2011-‐041)	  
–  W/Z	  cross	  sec*on	  ra*o	  (ATLAS-‐CONF-‐2011-‐041)	  

–  W	  charge	  asymmetry	  (arXiv:1103.2929)	  

•  Observa6ons	  	  
–  W→τν	  events	  (ATLAS-‐CONF-‐2010-‐097)	  

–  Z	  →ττ	  events	  (ATLAS-‐CONF-‐2011-‐010,	  ATLAS-‐CONF-‐2011-‐045)	  

•  Outlook	  
–  W	  and	  Z	  differen*al	  measurements	  in	  rapidity	  and	  transverse	  momentum	  coming	  soon	  

–  Updates	  and	  more	  results	  with	  2011	  data	  	  
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BACKUP 
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ATLAS DETECTOR 
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QCD BACKGROUND ESTIMATION	

•  MUON	  

–  W→μν	  “Matrix	  Method”	  comparison	  	  	  	  	  
samples	  before/auer	  isola*on	  

•  Different	  isola*on	  efficiencies	  for	  	  	  	  	  	  	  	  	  	  	  
QCD	  and	  non-‐QCD	  

•  Predicted	  background	  εQCDNQCD	  

–  Z→μμ	  extrapola*on	  from	  control	  regions	  in	  
isola*on	  and	  mμμ	  

•  ELECTRON	  
–  W→eν	  Binned	  maximum	  likelihood	  template	  fit	  

of	  ETmiss	  

•  QCD	  template	  from	  data	  from	  control	  
sample	  with	  reversed	  ID	  cuts	  	  	  

•  Signal,	  EW	  and	  top	  templates	  from	  MC	  

•  Integrate	  QCD	  fit	  result	  for	  ETmiss	  >	  25	  GeV	  

–  Z→ee	  	  fits	  to	  invariant	  mass	  distribu*on	  	  	  

Preliminary ATLAS
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W AND Z CROSS SECTION COMPONENTS 
•  Components	  for	  W	  and	  Z	  cross	  sec*on	  calcula*on	  

•  Efficiency	  scale	  factors	  included	  in	  CW/Z	  to	  account	  for	  differences	  data	  and	  MC	  
•  AW/Z	  uncertainty	  includes	  PDF	  uncertainty	  using	  CTEQ6.6	  error	  sets	  (90%	  C.L.),	  

differences	  between	  predic*ons	  with	  different	  PDF	  sets	  and	  difference	  with	  higher	  
order	  predic*on	  

  

€ 

σW /Z =
N − B

AW /Z × CW /Z × L dt∫

ELECTRON	  

MUON	  
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W AND Z SAMPLE SUMMARY 
•  EW	  and	  top	  backgrounds	  derived	  from	  MC	  

•  QCD	  background	  measured	  from	  data	  	  

W+ W- W Z W+ W- W Central Z Forward Z 
Ncand 84103 55163 139266 11669 72207 49103 121310 9721 4000 

Nbkg 6214 
±784 

5569 
±812 

11783 
±1580 

66 
±21 

4170 
±345 

3925 
±264 

8095 
±532 

217     
±31 

1099     
±128 

MUON	   ELECTRON	  
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W AND Z FIDUCIAL REGION DEFINITION 
•  Requirements	  for	  fiducial	  region	  defini*on	  

•  Defini*on	  of	  efficiency	  and	  acceptance	  factors	  (cut	  =	  fiducial	  requirements)	  
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FULL SYSTEMATIC UNCERTAINTIES 
•  MUON	   •  ELECTRON	  

•  Largest	  experimental	  uncertain*es	  	  

•  Lepton	  reconstruc*on	  iden*fica*on	  efficiencies	  	  

•  ETmiss	  scale	  and	  resolu*on	  

•  Experimental	  uncertain*es	  comparable	  to	  theore*cal	  uncertain*es	  
•  Luminosity	  uncertainty	  3.4%	  
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W→τν EVENT SELECTION 
•  Performance	  of	  τ	  lepton	  reconstruc*on	  

•  Hadronic	  τ	  candidate	  
–  20	  <	  pT	  <	  60	  GeV	  
–  |η|	  <	  2.5	  excluding	  1.3	  <	  |η|	  <	  1.7	  

•  No	  jet	  with	  pT	  >	  20	  GeV	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
in	  1.3	  <	  |η|	  <	  1.7	  

•  Δφ(jet,	  ETmiss)	  >	  0.5	  

•  ETmiss	  >	  30	  GeV	  

•  ETmiss/0.5	  √ΣET	  >	  6	  

•  Background	  es*ma*on	  
–  QCD	  background	  from	  data	  

–  W/Z	  from	  MC	  

ATLAS-‐CONF-‐2010-‐097	  


